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OBJECTIVE — To assess associations of sex hormones with impaired fasting glucose (IFG)
and type 2 diabetes in men.
RESEARCH DESIGN AND METHODS — A total of 3,156 African American, Non-
Hispanic white, Hispanic, and Chinese-American men aged 45–84 years who participated in
the baseline visit of the Multi-Ethnic Study of Atherosclerosis (MESA) were included. Odds
ratios and 95% CIs for type 2 diabetes and IFG compared with normal fasting glucose for
quartiles of hormones were estimated.
RESULTS — After adjusting for age, ethnicity, BMI, and waist circumference, IFG and dia-
betes were associated inversely with total testosterone and sex hormone–binding globulin
(SHBG) and positively with estradiol (E2). Dehydroepiandrosterone was positively associated
with IFG but not with diabetes. Associations did not differ across ethnic groups.
CONCLUSIONS — Regardless of obesity, total testosterone and SHBG were associated in-
versely and E2 was associated positively with IFG and diabetes in men. Further research is
warranted to better understand the underlying biological mechanisms.
Diabetes Care 32:1049–1051, 2009
S
ex hormones have been associated
with type 2 diabetes in men (1,2).
Some studies (1,2) have shown
that these associations were indepen-
dent of obesity. In the Third National
Health and Nutrition Examination Sur-
vey (NHANES III) (2), the only study to
include a multiethnic sample, power
was insufﬁcient to determine whether
associations differed by ethnicity. The
population-basedMulti-EthnicStudyof
Atherosclerosis (MESA), initiated in
2000, provides an opportunity to eval-
uate cross-sectional associations of sex
hormoneswithbothtype2diabetesand
impaired fasting glucose (IFG) in men
aged 45–84 years while taking into
consideration measures of obesity and
ethnicity. Similar analyses examining
associations in postmenopausal women
(3) were conducted separately because
previous research has shown that there
is a sex dimorphism in hormone associ-
ations with type 2 diabetes (1).
RESEARCH DESIGN AND
METHODS— Detailsonthedesign,re-
cruitment, cohort examination procedures,
and methods for blood collection and mea-
surementsofsexhormones,serumglucose,
and insulin have previously been described
(3,4). Information on participant demo-
graphicandlifestylecharacteristics,medical
history, and medication use was collected
with standardized questionnaires; height,
weight, and waist circumference were
measured. BMI was calculated as weight
(kilograms)/height(meterssquared).Allpar-
ticipants gave informed consent, and the
MESA protocol was approved by the institu-
tional review board at each participating site.
Of 3,213 men in the MESA cohort, we
excluded 49 without sex hormone levels
and 8 without fasting glucose measure-
ments, leaving 3,156 participants: 1,243
non-Hispanic white, 388 Chinese, 812 Af-
rican American, and 713 Hispanic. Men
were classiﬁed into three groups: diabetes
(fasting glucose 126 mg/dl or current use
of diabetes medication), IFG (100 mg/dl 
fasting glucose  126 mg/dl), and normal
fasting glucose.
Polytomous logistic regression was
usedtoestimateoddsratios(ORs)forquar-
tilesofsexhormonescomparingthosewith
diabetes and IFG with those with normal
fasting glucose. Analyses were conducted
withtheethnicgroupspooled,adjustingfor
ethnicity, and interactions between hor-
mones and ethnicity were tested. Interac-
tion terms were used to obtain ethnicity-
speciﬁc ORs for quartiles of sex hormones.
Covariates included age, BMI, waist cir-
cumference, smoking (non-, former, or
current smoker), alcohol consumption
(non-, former, or current drinker), and
physical activity (quartiles of total inten-
tional exercise in MET min/week). Mod-
els were examined with adjustment for
BMI and waist circumference simulta-
neously and with adjustment for each
separately. Because associations of hor-
mones with diabetes and IFG did not
change after simultaneous adjustment
and both BMI and waist circumference
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
From the
1Department of Preventive Medicine, Feinberg School of Medicine, Northwestern University,
Chicago, Illinois; the
2Department of Medicine, Johns Hopkins University, Baltimore, Maryland; the
3Division of Endocrinology, Metabolism, and Molecular Medicine, Feinberg School of Medicine, North-
western University, Chicago, Illinois; the
4Department of Epidemiology, Johns Hopkins University,
Baltimore, Maryland; and the
5Department of Medicine, University of Vermont, Burlington, Vermont.
Corresponding author: Laura A. Colangelo, l-colangelo@northwestern.edu.
Received 11 December 2008 and accepted 5 March 2009.
Published ahead of print at http://care.diabetesjournals.org on 16 March 2009. DOI: 10.2337/dc08-2216.
*A complete list of the participating Multi-Ethnic Study of Atherosclerosis investigators and institutions can
be found at http://www.mesa-nhlbi.org.
© 2009 by the American Diabetes Association. Readers may use this article as long as the work is properly
cited, the use is educational and not for proﬁt, and the work is not altered. See http://creativecommons.
org/licenses/by-nc-nd/3.0/ for details.
The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby
marked “advertisement” in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
Epidemiology/Health Services Research
BRIEF REPORT
DIABETES CARE, VOLUME 32, NUMBER 6, JUNE 2009 1049T
a
b
l
e
1
—
A
s
s
o
c
i
a
t
i
o
n
o
f
q
u
a
r
t
i
l
e
s
o
f
s
e
x
h
o
r
m
o
n
e
s
w
i
t
h
n
o
r
m
a
l
f
a
s
t
i
n
g
g
l
u
c
o
s
e
,
I
F
G
,
a
n
d
t
y
p
e
2
d
i
a
b
e
t
e
s
s
t
a
t
u
s
:
M
u
l
t
i
-
E
t
h
n
i
c
S
t
u
d
y
o
f
A
t
h
e
r
o
s
c
l
e
r
o
s
i
s
(
2
0
0
0
–
2
0
0
2
)
I
F
G
T
y
p
e
2
d
i
a
b
e
t
e
s
Q
1
Q
2
Q
3
Q
4
P
t
r
e
n
d
*
Q
1
Q
2
Q
3
Q
4
P
t
r
e
n
d
*
T
o
t
a
l
t
e
s
t
o
s
t
e
r
o
n
e
(
n
m
o
l
/
l
)
M
e
a
n
(
m
i
n
–
m
a
x
)
8
.
9
0
(
0
.
0
3
–
1
1
.
3
5
)
1
2
.
8
1
(
1
1
.
3
8
–
1
4
.
2
3
)
1
5
.
8
7
(
1
4
.
2
6
–
1
7
.
7
7
)
2
2
.
0
5
(
1
7
.
8
0
–
6
8
.
3
6
)
8
.
9
0
(
0
.
0
3
–
1
1
.
3
5
)
1
2
.
8
1
(
1
1
.
3
8
–
1
4
.
2
3
)
1
5
.
8
7
(
1
4
.
2
6
–
1
7
.
7
7
)
2
2
.
0
5
(
1
7
.
8
0
–
6
8
.
3
6
)
N
o
n
-
H
i
s
p
a
n
i
c
w
h
i
t
e
1
.
0
0
0
.
8
8
(
0
.
6
1
–
1
.
2
7
)
0
.
9
3
(
0
.
6
4
–
1
.
3
4
)
0
.
7
7
(
0
.
5
3
–
1
.
1
1
)
0
.
1
3
1
.
0
0
0
.
7
8
(
0
.
4
6
–
1
.
2
9
)
0
.
5
2
(
0
.
2
9
–
0
.
9
4
)
0
.
2
6
(
0
.
1
3
–
0
.
5
4
)
0
.
0
0
0
5
C
h
i
n
e
s
e
1
.
0
0
0
.
6
3
(
0
.
3
3
–
1
.
1
9
)
0
.
6
9
(
0
.
3
7
–
1
.
3
1
)
0
.
5
0
(
0
.
2
5
–
0
.
9
7
)
0
.
1
5
1
.
0
0
0
.
5
1
(
0
.
2
2
–
1
.
2
1
)
0
.
7
7
(
0
.
3
4
–
1
.
7
4
)
0
.
5
1
(
0
.
2
1
–
1
.
2
7
)
0
.
1
4
A
f
r
i
c
a
n
A
m
e
r
i
c
a
n
1
.
0
0
1
.
0
7
(
0
.
6
7
–
1
.
7
1
)
1
.
1
5
(
0
.
7
2
–
1
.
8
4
)
0
.
8
5
(
0
.
5
3
–
1
.
3
6
)
0
.
7
3
1
.
0
0
0
.
7
5
(
0
.
4
4
–
1
.
2
8
)
0
.
7
8
(
0
.
4
5
–
1
.
3
4
)
0
.
7
7
(
0
.
4
6
–
1
.
3
1
)
0
.
6
4
H
i
s
p
a
n
i
c
1
.
0
0
0
.
7
6
(
0
.
4
6
–
1
.
2
4
)
0
.
8
8
(
0
.
5
4
–
1
.
4
5
)
0
.
6
8
(
0
.
4
1
–
1
.
1
3
)
0
.
4
3
1
.
0
0
0
.
7
2
(
0
.
4
1
–
1
.
2
6
)
0
.
7
7
(
0
.
4
3
–
1
.
3
7
)
0
.
4
0
(
0
.
2
1
–
0
.
7
7
)
0
.
0
0
9
A
l
l
1
.
0
0
0
.
8
6
(
0
.
6
8
–
1
.
0
8
)
0
.
9
3
(
0
.
7
3
–
1
.
1
8
)
0
.
7
3
(
0
.
5
7
–
0
.
9
2
)
0
.
0
6
1
.
0
0
0
.
7
2
(
0
.
5
4
–
0
.
9
7
)
0
.
7
0
(
0
.
5
2
–
0
.
9
6
)
0
.
4
9
(
0
.
3
5
–
0
.
6
8
)
0
.
0
0
0
2
B
i
o
a
v
a
i
l
a
b
l
e
t
e
s
t
o
s
t
e
r
o
n
e
(
n
m
o
l
/
l
)
M
e
a
n
(
m
i
n
–
m
a
x
)
3
.
2
7
(
0
.
0
2
–
4
.
2
0
)
4
.
7
4
(
4
.
2
3
–
5
.
2
1
)
5
.
8
2
(
5
.
2
4
–
6
.
4
6
)
7
.
9
2
(
6
.
4
9
–
5
3
.
4
4
)
3
.
2
7
(
0
.
0
2
–
4
.
2
0
)
4
.
7
4
(
4
.
2
3
–
5
.
2
1
)
5
.
8
2
(
5
.
2
4
–
6
.
4
6
)
7
.
9
2
(
6
.
4
9
–
5
3
.
4
4
)
N
o
n
-
H
i
s
p
a
n
i
c
w
h
i
t
e
1
.
0
0
0
.
8
6
(
0
.
6
0
–
1
.
2
2
)
0
.
9
0
(
0
.
6
3
–
1
.
3
0
)
0
.
9
5
(
0
.
6
5
–
1
.
3
7
)
0
.
5
7
1
.
0
0
0
.
6
3
(
0
.
3
6
–
1
.
1
0
)
0
.
6
7
(
0
.
3
8
–
1
.
1
9
)
0
.
7
1
(
0
.
3
8
–
1
.
2
8
)
0
.
1
2
C
h
i
n
e
s
e
1
.
0
0
0
.
9
8
(
0
.
5
1
–
1
.
8
9
)
0
.
8
7
(
0
.
4
7
–
1
.
6
1
)
0
.
6
2
(
0
.
3
2
–
1
.
2
0
)
0
.
0
4
1
.
0
0
1
.
3
6
(
0
.
5
9
–
3
.
1
5
)
0
.
8
7
(
0
.
3
7
–
2
.
0
4
)
0
.
8
2
(
0
.
3
3
–
2
.
0
6
)
0
.
3
5
A
f
r
i
c
a
n
A
m
e
r
i
c
a
n
1
.
0
0
1
.
4
5
(
0
.
9
2
–
2
.
2
8
)
1
.
3
3
(
0
.
8
3
–
2
.
1
3
)
1
.
0
0
(
0
.
6
1
–
1
.
6
5
)
0
.
9
7
1
.
0
0
1
.
1
0
(
0
.
6
5
–
1
.
8
6
)
1
.
0
3
(
0
.
6
0
–
1
.
8
0
)
1
.
2
9
(
0
.
7
5
–
2
.
2
3
)
0
.
2
1
H
i
s
p
a
n
i
c
1
.
0
0
0
.
8
1
(
0
.
4
9
–
1
.
3
4
)
1
.
0
0
(
0
.
6
0
–
1
.
6
5
)
0
.
6
3
(
0
.
3
8
–
1
.
0
5
)
0
.
2
2
1
.
0
0
0
.
9
3
(
0
.
5
1
–
1
.
7
0
)
1
.
1
9
(
0
.
6
4
–
2
.
1
8
)
1
.
0
3
(
0
.
5
6
–
1
.
8
9
)
0
.
9
4
A
l
l
1
.
0
0
0
.
9
8
(
0
.
7
8
–
1
.
2
3
)
1
.
0
1
(
0
.
8
0
–
1
.
2
8
)
0
.
8
3
(
0
.
6
4
–
1
.
0
7
)
0
.
1
6
1
.
0
0
0
.
9
1
(
0
.
6
7
–
1
.
2
3
)
0
.
9
2
(
0
.
6
7
–
1
.
2
6
)
0
.
9
8
(
0
.
7
0
–
1
.
3
7
)
0
.
6
5
S
H
B
G
(
n
m
o
l
/
l
)
M
e
a
n
(
m
i
n
–
m
a
x
)
2
5
.
3
(
8
.
6
–
3
1
.
4
)
3
6
.
1
(
3
1
.
5
–
4
0
.
8
)
4
6
.
4
(
4
0
.
9
–
5
2
.
7
)
7
0
.
1
(
5
2
.
8
–
1
9
8
.
0
)
2
5
.
3
(
8
.
6
–
3
1
.
4
)
3
6
.
1
(
3
1
.
5
–
4
0
.
8
)
4
6
.
4
(
4
0
.
9
–
5
2
.
7
)
7
0
.
1
(
5
2
.
8
–
1
9
8
.
0
)
N
o
n
-
H
i
s
p
a
n
i
c
w
h
i
t
e
1
.
0
0
0
.
9
8
(
0
.
6
8
–
1
.
4
0
)
0
.
5
8
(
0
.
4
0
–
0
.
8
5
)
0
.
6
9
(
0
.
4
8
–
1
.
0
1
)
0
.
0
9
1
.
0
0
0
.
9
2
(
0
.
5
2
–
1
.
6
1
)
0
.
6
3
(
0
.
3
5
–
1
.
1
2
)
0
.
3
1
(
0
.
1
6
–
0
.
6
0
)
0
.
0
0
3
C
h
i
n
e
s
e
1
.
0
0
1
.
1
3
(
0
.
6
0
–
2
.
1
1
)
0
.
6
6
(
0
.
3
5
–
1
.
2
4
)
0
.
9
0
(
0
.
4
8
–
1
.
6
8
)
0
.
8
4
1
.
0
0
0
.
7
9
(
0
.
3
5
–
1
.
8
0
)
0
.
4
2
(
0
.
1
8
–
0
.
9
9
)
0
.
4
8
(
0
.
2
0
–
1
.
1
6
)
0
.
1
5
A
f
r
i
c
a
n
A
m
e
r
i
c
a
n
1
.
0
0
1
.
0
4
(
0
.
6
5
–
1
.
6
7
)
0
.
8
0
(
0
.
5
0
–
1
.
2
9
)
0
.
6
2
(
0
.
3
8
–
1
.
0
0
)
0
.
4
7
1
.
0
0
0
.
9
0
(
0
.
5
3
–
1
.
5
5
)
0
.
6
7
(
0
.
3
9
–
1
.
1
6
)
0
.
4
5
(
0
.
2
6
–
0
.
8
0
)
0
.
0
2
H
i
s
p
a
n
i
c
1
.
0
0
1
.
0
0
(
0
.
6
2
–
1
.
6
2
)
1
.
1
7
(
0
.
7
2
–
1
.
9
0
)
0
.
9
3
(
0
.
5
7
–
1
.
5
4
)
0
.
8
4
1
.
0
0
0
.
5
9
(
0
.
3
4
–
1
.
0
1
)
0
.
5
3
(
0
.
3
0
–
0
.
9
3
)
0
.
2
5
(
0
.
1
3
–
0
.
4
8
)
0
.
1
5
A
l
l
1
.
0
0
1
.
0
2
(
0
.
8
1
–
1
.
2
9
)
0
.
7
6
(
0
.
6
0
–
0
.
9
7
)
0
.
7
5
(
0
.
5
8
–
0
.
9
7
)
0
.
2
4
1
.
0
0
0
.
7
8
(
0
.
5
8
–
1
.
0
5
)
0
.
5
6
(
0
.
4
1
–
0
.
7
6
)
0
.
3
5
(
0
.
2
4
–
0
.
4
9
)

0
.
0
0
0
1
E
2
(
p
m
o
l
/
l
)
M
e
a
n
(
m
i
n
–
m
a
x
)
6
7
.
4
(
9
.
2
–
8
4
.
4
)
9
9
.
4
(
8
8
.
1
–
1
1
0
.
1
)
1
2
5
.
4
(
1
1
3
.
8
–
1
3
9
.
5
)
1
7
8
.
2
(
1
4
3
.
2
–
9
6
1
.
8
)
6
7
.
4
(
9
.
2
–
8
4
.
4
)
9
9
.
4
(
8
8
.
1
–
1
1
0
.
1
)
1
2
5
.
4
(
1
1
3
.
8
–
1
3
9
.
5
)
1
7
8
.
2
(
1
4
3
.
2
–
9
6
1
.
8
)
N
o
n
-
H
i
s
p
a
n
i
c
w
h
i
t
e
1
.
0
0
0
.
9
1
(
0
.
6
3
–
1
.
3
0
)
1
.
3
0
(
0
.
9
1
–
1
.
8
6
)
1
.
7
4
(
1
.
1
9
–
2
.
5
3
)
0
.
0
6
1
.
0
0
1
.
4
5
(
0
.
7
8
–
2
.
6
9
)
1
.
9
3
(
1
.
0
5
–
3
.
5
7
)
2
.
1
2
(
1
.
1
0
–
4
.
0
7
)
0
.
0
5
C
h
i
n
e
s
e
1
.
0
0
1
.
6
3
(
0
.
9
0
–
2
.
9
7
)
1
.
9
3
(
1
.
0
6
–
3
.
5
2
)
1
.
7
0
(
0
.
8
3
–
3
.
4
8
)
0
.
0
8
1
.
0
0
1
.
4
7
(
0
.
6
1
–
3
.
5
6
)
1
.
7
8
(
0
.
7
4
–
4
.
2
7
)
3
.
2
9
(
1
.
3
3
–
8
.
1
4
)
0
.
0
0
6
A
f
r
i
c
a
n
A
m
e
r
i
c
a
n
1
.
0
0
1
.
4
1
(
0
.
8
2
–
2
.
4
0
)
1
.
6
0
(
0
.
9
5
–
2
.
7
2
)
1
.
3
2
(
0
.
7
9
–
2
.
1
9
)
0
.
1
6
1
.
0
0
1
.
0
8
(
0
.
5
8
–
2
.
0
1
)
1
.
7
0
(
0
.
9
5
–
3
.
0
4
)
1
.
0
6
(
0
.
5
9
–
1
.
9
0
)
0
.
2
9
H
i
s
p
a
n
i
c
1
.
0
0
0
.
9
9
(
0
.
6
1
–
1
.
6
2
)
0
.
8
9
(
0
.
5
5
–
1
.
4
7
)
1
.
0
8
(
0
.
6
5
–
1
.
7
8
)
0
.
1
5
1
.
0
0
1
.
1
2
(
0
.
6
2
–
2
.
0
3
)
1
.
2
0
(
0
.
6
7
–
2
.
1
6
)
0
.
9
7
(
0
.
5
2
–
1
.
8
2
)
0
.
4
6
A
l
l
1
.
0
0
1
.
1
1
(
0
.
8
8
–
1
.
4
0
)
1
.
3
3
(
1
.
0
6
–
1
.
6
9
)
1
.
4
2
(
1
.
1
1
–
1
.
8
1
)
0
.
0
0
2
1
.
0
0
1
.
2
4
(
0
.
8
8
–
1
.
6
8
)
1
.
6
4
(
1
.
1
9
–
2
.
2
4
)
1
.
4
4
(
1
.
0
3
–
2
.
0
1
)
0
.
0
0
5
D
e
h
y
d
r
o
e
p
i
a
n
d
r
o
s
t
e
r
o
n
e
(
n
m
o
l
/
l
)
M
e
a
n
(
m
i
n
–
m
a
x
)
7
.
0
(
0
.
9
–
9
.
1
)
1
0
.
8
(
9
.
2
–
1
2
.
5
)
1
4
.
6
(
1
2
.
5
–
1
7
.
1
)
2
4
.
0
(
1
7
.
1
–
1
4
9
.
6
)
7
.
0
(
0
.
9
–
9
.
1
)
1
0
.
8
(
9
.
2
–
1
2
.
5
)
1
4
.
6
(
1
2
.
5
–
1
7
.
1
)
2
4
.
0
(
1
7
.
1
–
1
4
9
.
6
)
N
o
n
-
H
i
s
p
a
n
i
c
w
h
i
t
e
1
.
0
0
1
.
0
3
(
0
.
7
3
–
1
.
4
4
)
0
.
9
8
(
0
.
6
8
–
1
.
4
0
)
1
.
2
2
(
0
.
8
4
–
1
.
7
9
)
0
.
0
2
1
.
0
0
0
.
6
9
(
0
.
4
0
–
1
.
2
0
)
0
.
8
2
(
0
.
4
6
–
1
.
4
5
)
0
.
7
9
(
0
.
4
1
–
1
.
5
0
)
0
.
7
5
C
h
i
n
e
s
e
1
.
0
0
0
.
7
1
(
0
.
3
4
–
1
.
4
9
)
0
.
8
4
(
0
.
4
1
–
1
.
7
2
)
1
.
2
0
(
0
.
5
9
–
2
.
4
6
)
0
.
1
2
1
.
0
0
1
.
0
1
(
0
.
3
8
–
2
.
6
7
)
0
.
9
9
(
0
.
3
8
–
2
.
5
8
)
1
.
3
3
(
0
.
5
0
–
3
.
5
3
)
0
.
4
5
A
f
r
i
c
a
n
A
m
e
r
i
c
a
n
1
.
0
0
1
.
4
1
(
0
.
8
6
–
2
.
3
3
)
1
.
8
2
(
1
.
1
0
–
3
.
0
0
)
1
.
5
7
(
0
.
9
6
–
2
.
5
8
)
0
.
1
9
1
.
0
0
1
.
6
8
(
0
.
9
6
–
2
.
9
3
)
1
.
8
4
(
1
.
0
4
–
3
.
2
6
)
1
.
4
1
(
0
.
7
9
–
2
.
5
3
)
0
.
2
2
H
i
s
p
a
n
i
c
1
.
0
0
1
.
1
4
(
0
.
6
8
–
1
.
9
0
)
1
.
1
8
(
0
.
7
0
–
1
.
9
8
)
1
.
3
7
(
0
.
8
1
–
2
.
3
1
)
0
.
0
3
1
.
0
0
0
.
6
4
(
0
.
3
5
–
1
.
1
6
)
0
.
9
0
(
0
.
5
0
–
1
.
6
2
)
0
.
8
4
(
0
.
4
5
–
1
.
5
6
)
0
.
6
7
A
l
l
1
.
0
0
1
.
0
7
(
0
.
8
5
–
1
.
3
6
)
1
.
1
6
(
0
.
9
1
–
1
.
4
8
)
1
.
3
2
(
1
.
0
2
–
1
.
7
1
)
0
.
0
0
0
5
1
.
0
0
0
.
9
0
(
0
.
6
7
–
1
.
2
2
)
1
.
0
5
(
0
.
7
6
–
1
.
4
3
)
0
.
9
9
(
0
.
7
0
–
1
.
4
0
)
0
.
5
6
D
a
t
a
a
r
e
O
R
(
9
5
%
C
I
)
u
n
l
e
s
s
o
t
h
e
r
w
i
s
e
i
n
d
i
c
a
t
e
d
.
O
R
s
a
r
e
a
d
j
u
s
t
e
d
f
o
r
a
g
e
,
B
M
I
,
w
a
i
s
t
c
i
r
c
u
m
f
e
r
e
n
c
e
,
a
n
d
i
n
t
h
e
p
o
o
l
e
d
a
n
a
l
y
s
i
s
,
e
t
h
n
i
c
i
t
y
.
I
F
G
:
1
0
0
m
g
/
d
l

f
a
s
t
i
n
g
g
l
u
c
o
s
e

1
2
6
m
g
/
d
l
;
t
y
p
e
2
d
i
a
b
e
t
e
s
:
f
a
s
t
i
n
g
g
l
u
c
o
s
e

1
2
6
m
g
/
d
l
o
r
c
u
r
r
e
n
t
u
s
e
o
f
d
i
a
b
e
t
e
s
m
e
d
i
c
a
t
i
o
n
.
*
P
v
a
l
u
e
f
r
o
m
a
m
o
d
e
l
t
r
e
a
t
i
n
g
h
o
r
m
o
n
e
a
s
a
c
o
n
t
i
n
u
o
u
s
v
a
r
i
a
b
l
e
.
Q
,
q
u
a
r
t
i
l
e
.
Endogenous sex hormones and diabetes
1050 DIABETES CARE, VOLUME 32, NUMBER 6, JUNE 2009were signiﬁcant, results are presented
with the simultaneous adjustment.
RESULTS— The prevalence of IFG
and diabetes was 30 and 21% in African
Americans, 32 and 9% in non-Hispanic
whites, 35 and 20% in Hispanics, and 40
and 15% in Chinese, respectively.
Interactions between ethnicity and
hormones for diabetes or IFG were not
statistically signiﬁcant when using quar-
tiles of sex hormones (P  0.28) or con-
tinuous hormone variables (P  0.19).
Becausethismaybeaconsequenceoflim-
itedpower,analysesarepresentedbyeth-
nicity and also pooled (Table 1). For total
testosterone, the ORs for the highest
quartile compared with those for the low-
est ranged from 0.26 to 0.77 for diabetes
and from 0.50 to 0.85 for IFG. Similarly,
all ORs for the highest quartile of sex hor-
mone–binding globulin (SHBG) were
1.0 for diabetes and IFG. In contrast,
ORs for estradiol (E2), especially in Chi-
nese men, indicated positive associations
with IFG and diabetes.
In the pooled analysis, the inverse as-
sociationsoftotaltestosteroneandSHBG,
and the positive association of E2, with
type 2 diabetes were strong. SHBG was
signiﬁcantly but not linearly associated
with IFG. Dehydroepiandrosterone was
positively associated with IFG but not
with diabetes. Adjustment for other con-
founders did not attenuate these associa-
tions (data not shown).
CONCLUSIONS — Despite adjust-
ment for BMI and waist circumference, in
analyses pooling ethnicities, we observed
signiﬁcant inverse associations of total tes-
tosteroneandSHBGwithdiabetesandIFG,
whereas E2 was positively associated. Our
ﬁndings are consistent with the results of a
large meta-analysis (1) that included 43
cross-sectional and prospective studies
conducted from 1966 through 2005. The
conclusions of the meta-analysis and the
present ﬁndings differ from those of
NHANESIII(2),whichwasnotincludedin
the meta-analysis. NHANES III results
showed associations for free and bioavail-
able testosterone but not for total testoster-
one, SHBG, or E2 with diabetes. The
reasons for differences in results between
our study and NHANES are unclear. The
absenceofassociationsfortotaltestosterone
and SHBG in NHANES III might be due to
the younger age of its cohort (20 years)
compared with that in MESA (45–84
years), which would imply a shorter dura-
tion of diabetes and the relatively smaller
number of cases of diabetes. Alternatively,
the NHANES III study did not distinguish
between type 1 and type 2 diabetes; in this
younger population, a higher proportion of
cases may have had type 1 diabetes.
Similar to results of other national sur-
veys (http://diabetes.niddk.nih.gov/dm/pubs/
statistics/index.htm), our ﬁndings also dem-
onstrated ethnic differences in prevalence of
glucose disorders. Despite this, the tests for
interactions suggest that associations of each
hormonewithprevalenceofglucosedisorders
did not differ by ethnicity. Nevertheless, it is
recognized that ethnic differences in physio-
logical responses to sex hormones might oc-
curandmightbeduetofactorsotherthanthe
serum hormone levels (5). Thus, it has been
recommended that future studies should
consider hormone metabolism, ligand inter-
action with receptor, receptor action, and en-
zyme and receptor gene polymorphisms (5).
Thiscross-sectionalstudycouldnotex-
amine the temporal nature of the associa-
tion between testosterone and metabolic
status, which is controversial. Arguments
supporting each direction (6), as well as bi-
directionality (7), have been offered. Some
animal models suggest that diabetes in the
ratcausesareductioninLeydigcellnumber
and testosterone secretion (8,9), whereas
others suggest that testosterone regulates
insulin sensitivity and insulin gene expres-
sion (10,11). Recent intervention studies in
humans have not resolved this issue
(12,13,14).
In conclusion, our study provides ad-
ditional evidence that sex hormones are
associated with type 2 diabetes indepen-
dently of BMI and waist circumference.
Other prospective studies are needed to
either replicate or refute our ﬁnding that
theassociationsdonotdifferbyethnicity.
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